Abstract: Innovative, pragmatic approaches are needed to support sustainable livelihoods and landscape management in complex social-ecological systems (CSES) such as river catchments. In the Tsitsa River Catchment, South Africa, researchers and natural resource managers have come together to apply such innovative approaches. Since CSES are characterised by uncertainty and surprise, understanding and managing them requires a commitment to reflexive praxis and transdisciplinarity. Accordingly, we facilitated a collective reflection and learning process in the project team to deepen our understanding of praxis in CSES. Our findings indicate that CSES thinking created an enabling framing. However, building new linkages among diverse actors to put CSES thinking into practice is challenging, since it requires the development of novel working relationships. Existing institutional structures, power dynamics, and ways of working impose significant constraints. A deeper critical realist analysis of our findings revealed a metaphor which explains why this work is challenging. In this metaphor, the Tsitsa Project team is navigating a bumpy terrain of dialectic tensions. These are tensions for example between natural science and social science, and between science and indigenous knowledge. Based on this metaphor, we suggest an expanding role for scientists and managers, and recommend transformative social learning processes to support teams navigating such bumpy terrains.
Introduction
How do we manage natural resources sustainably when we recognise that they are embedded in complex social ecological systems? This question has been posed by researchers, managers, and policy-makers worldwide since the notions of complexity and social-ecological systems began to influence research, management, and governance of natural resources [1, 2] . Since then, new questions have emerged, such as: How do we manage natural resources sustainably in areas with eroded governance systems, a history of disempowered resource users, and high rates of poverty and degradation of natural resources? This question has been addressed in particular ways in South Africa [3] [4] [5] , and also in other parts of the Global South [6] . In this article, we bring these two questions together. We investigate them through reflexive, engaged research praxis in an on-going landscape management initiative in the Tsitsa River Catchment in the Eastern Cape of South Africa. We consider the landscape of the Tsitsa catchment a place-based, complex social-ecological system (CSES).
By reflecting on the findings from a learning process convened approximately four years into the Tsitsa Project 1 [7] , we provide grounded and, we hope, novel insights into these questions to deepen our understanding of praxis in CSES. Society's urgent sustainability issues require innovative and pragmatic approaches to researching and managing interconnected and interdependent CSES [6, 8] . Such approaches recognise that addressing the challenges of sustainable natural resource management is no longer purely a question of more and better science [9] but that new constellations of stakeholders, which bring together diverse knowledge types and perspectives on natural resources and sustainability, are needed [10, 11] . The Tsitsa Project is building such a new constellation of stakeholders including catchment residents and those involved in research, management, land use and governance across multiple scales and institutions to support sustainable management of the Tsitsa River Catchment. We have paused to reflect with each other on what we have learnt from implementation of this initiative. The aim of our article is to share the process and outcomes of this learning and reflection process, from within the broader research praxis of the Tsitsa Project. In particular, we focus on the principles for research and management in CSES that were applied in the project; the associated challenges experienced in implementation; and the insights gained into these challenges.
We begin by setting the scene for the article by outlining our understanding of reflexive research praxis and the importance of adaptive and learning-based approaches. We then introduce the Tsitsa Project as a case study of integrated management and governance for sustainability in a complex social-ecological system. We go on to outline the methodology which guided our learning and reflection process. We then discuss the findings (outcomes) of our reflection process, introducing the principles which were elicited to guide the process, highlighting key lessons which emerged from the collective reflections. In the discussion section, we develop an explanatory metaphor as a means of deepening our understanding of the lessons learnt on research and management praxis in CSES, proposing practical recommendations for the way forward. We then conclude the article by drawing out key insights emerging from this explanatory metaphor for research praxis in CSES.
Conceptual Framing: Reflexive Research Praxis in Complex Social-Ecological Systems
We draw on the growing field of learning-based approaches to researching, managing and governing CSES (e.g., strategic adaptive management [12, 13] ) to frame our work in the Tsitsa Project and this article [14] [15] [16] [17] . Since CSES are characterised by uncertainty, emergence, and surprise, understanding and managing them requires a commitment to systemic praxis [15] characterised by on-going reflection, learning-by-doing and the development of adaptive capacities [8, 18] . Praxis is defined as purposeful practical action informed by theory and an intentional practice of reflexivity [15] . This kind of two-way praxis builds collective capacity among stakeholders to improve management of social-ecological systems and holds potential for transformative learning and change. We understand praxis to occur at the interface of management, research and governance of CSES. This means that praxis is inherently an activity which spans the boundaries of multiple organisations involved in collectively addressing complex problems in social-ecological systems [19] , and it is a form of agency performed by actors in such systems [20] .
The Tsitsa Project on which this article is based is a valuable case study for a number of reasons. Firstly, as Section 2 will show, it is a system with complex interacting social and biophysical dimensions, in a context where livelihoods and sustainability are daily considerations. Secondly, the project introduced by university and government partners in this context involves multiple stakeholders from diverse research and management domains. Thirdly, The Tsitsa Project brings together a bundle of concepts in the form of guiding principles. If realised in practice, this set of principles could amount to a different way of working towards landscape sustainability in CSES, responding to the significant 
The Social-Ecological Context of the Tsitsa River Catchment
The Mzimvubu River flows through the Eastern Cape province into the Indian Ocean. The catchment covers almost 20 000 km 2 , the size of South Africa's Kruger National Park or the country of Wales ( Figure 1, Figure 2 ). The landscape is characterised by large areas of highly erodible duplex soils, posing serious sedimentation, landscape and livelihood concerns [27, 28] . The Mzimvubu's southern sub-catchment, the Tsitsa (the focus of the Tsitsa Project), occupies 5000 km 2 ( Figure 1 ). The terrain is hilly, vegetation is mainly grassland (Figure 2) , with riparian and other areas heavily infested with alien plants. There are approximately 80 villages in the easternmost part of the Tsitsa catchment, which were part of a so-called black homeland (the "Transkei") in pre-1994 Apartheid South Africa [30] . This communal land area is predominantly under the governance of traditional councils, comprising senior traditional leaders (iiNkosi, previously called "chiefs"), headmen and subheadmen. Tensions between these traditional governance structures and the more recent democratic governance structures result in uncertainty and confusion, leading to concerns about eroding governance in the region. To the west lies a commercial farming area with freehold tenure. The freehold area is characterised by extensive plantation forestry and mixed agriculture including field crops and livestock. Plantation forestry is now also expanding into the communal area. Deagrarianisation (abandonment of crop lands) and an outflux of younger residents are key features of the communal area, as are increasingly violent forms of crime and political tensions. Resident communities depend on multiple livelihoods including at least a partial dependence on natural products, home gardens and some cropping and livestock, as well as social grants and remittances [30] . 
The Mzimvubu River flows through the Eastern Cape province into the Indian Ocean. The catchment covers almost 20 000 km 2 , the size of South Africa's Kruger National Park or the country of Wales ( Figure 1, Figure 2 ). The landscape is characterised by large areas of highly erodible duplex soils, posing serious sedimentation, landscape and livelihood concerns [27, 28] . The Mzimvubu's southern sub-catchment, the Tsitsa (the focus of the Tsitsa Project), occupies 5000 km 2 ( Figure 1 ). The terrain is hilly, vegetation is mainly grassland (Figure 2) , with riparian and other areas heavily infested with alien plants. There are approximately 80 villages in the easternmost part of the Tsitsa catchment, which were part of a so-called black homeland (the "Transkei") in pre-1994 Apartheid South Africa [30] . This communal land area is predominantly under the governance of traditional councils, comprising senior traditional leaders (iiNkosi, previously called "chiefs"), headmen and sub-headmen. Tensions between these traditional governance structures and the more recent democratic governance structures result in uncertainty and confusion, leading to concerns about eroding governance in the region. To the west lies a commercial farming area with freehold tenure. The freehold area is characterised by extensive plantation forestry and mixed agriculture including field crops and livestock. Plantation forestry is now also expanding into the communal area. De-agrarianisation (abandonment of crop lands) and an outflux of younger residents are key features of the communal area, as are increasingly violent forms of crime and political tensions. Resident communities depend on multiple livelihoods including at least a partial dependence on natural products, home gardens and some cropping and livestock, as well as social grants and remittances [30] . The Tsitsa Project is situated in the space between the top-down approaches that characterised not only the proposed dam but also the "Working For" landscape restoration initiatives, and a commitment to meaningfully engaging local catchment residents and governance structures. Trustbuilding is jeopardized by uncertainty as to whether the dams will actually be built, and concerns have been raised about the way in which local communities were consulted and informed about the dam-building plans [31] . The concerns about eroding and confusing local governance arrangements, and inequitable forms of decision-making exacerbate concerns about community participation in landscape management decisions. The democratic government's intention to introduce a participatory water management system through catchment forums and catchment management agencies (National Water Act, Act 36 of 1998) has not yet been fully implemented in the Tsitsa. This contentious socio-political and governance context poses a challenge to the ambitious vision of the Tsitsa Project.
How the Tsitsa Project Works
The Tsitsa Project is a network of academic researchers from environmental, water and earth sciences, agriculture and education; as well as natural resource managers, decision-makers, practical implementers, and related stakeholders who started coming together in 2014 to manage the Tsitsa landscape collaboratively (Figure 3 ). While several universities are involved, the Tsitsa Project is currently co-ordinated by a core leadership group based at Rhodes University in Grahamstown (Eastern Cape, South Africa), situated some 400 km from the Tsitsa catchment. The participating natural resource managers include DEA: NRM staff based in the catchment, where they manage the various "Working For" restoration teams within government's expanded public works programme, and senior managers based in nearby or distant urban centres, where DEA has regional and national offices respectively. Practical on-the-ground implementation is often coordinated by implementing agents contracted by DEA: NRM. The Tsitsa Project is situated in the space between the top-down approaches that characterised not only the proposed dam but also the "Working For" landscape restoration initiatives, and a commitment to meaningfully engaging local catchment residents and governance structures. Trust-building is jeopardized by uncertainty as to whether the dams will actually be built, and concerns have been raised about the way in which local communities were consulted and informed about the dam-building plans [31] . The concerns about eroding and confusing local governance arrangements, and inequitable forms of decision-making exacerbate concerns about community participation in landscape management decisions. The democratic government's intention to introduce a participatory water management system through catchment forums and catchment management agencies (National Water Act, Act 36 of 1998) has not yet been fully implemented in the Tsitsa. This contentious socio-political and governance context poses a challenge to the ambitious vision of the Tsitsa Project.
The Tsitsa Project is a network of academic researchers from environmental, water and earth sciences, agriculture and education; as well as natural resource managers, decision-makers, practical implementers, and related stakeholders who started coming together in 2014 to manage the Tsitsa landscape collaboratively (Figure 3 ). While several universities are involved, the Tsitsa Project is currently co-ordinated by a core leadership group based at Rhodes University in Grahamstown (Eastern Cape, South Africa), situated some 400 km from the Tsitsa catchment. The participating natural resource managers include DEA: NRM staff based in the catchment, where they manage the various "Working For" restoration teams within government's expanded public works programme, and senior managers based in nearby or distant urban centres, where DEA has regional and national offices respectively. Practical on-the-ground implementation is often coordinated by implementing agents contracted by DEA: NRM. A few key moments need to be highlighted in the unfolding story of the Tsitsa Project ( Figure  3 ). Early on in the process (2015), project participants agreed on an explicit, intentional conceptual framework to guide the research process, which was documented in a strategic planning document [22] . Out of this, a certain kind of engaged research praxis was generated, illustrating the shared commitment of both researchers and managers to implement a social-ecological approach to landscape management. Based on this research praxis, research in and about the catchment is now underway. Distinct "Communities of Practice" (CoP) [33] have been established to loosen up the disciplinary boundaries whilst managing the budgets allocated to different research units within the university. The CoP typically consist of a group of more and less experienced researchers working on similar themes, and include natural resource managers as much as possible to link research to onthe-ground actions. The CoP work on themes such as sediment and restoration (e.g., see Bannatyne et al. [34] ), participatory and polycentric governance, livelihoods and ecosystem services, and knowledge management.
A Participatory Monitoring, Evaluation, Reflection and Learning (PMERL) framework and plan was developed in 2017 to support ongoing learning and adaptive project management [32] and PMERL researchers were appointed. In 2016-2017 two stakeholder analyses were undertaken [35, 36] and plans are underway to develop a stakeholder engagement strategy and appoint a catchment coordinator as well as a team of community liaison officers (DEA secured additional funding to support this expansion). These Tsitsa Project participants will be based in the catchment and will enable two-way communication and interactions between the network of researchers and managers on the one hand, with residents and other stakeholders in the catchment on the other hand (refer to the Tsitsa Project Learning Report for details on how the project is governed internally [21] ). Tsitsa Project leaders have recognised the importance of history-in the form of antecedent conditions-in influencing project outcomes and trajectories (See Box 1, and the Tsitsa Project Learning Report for further details on these [21] ). A few key moments need to be highlighted in the unfolding story of the Tsitsa Project ( Figure 3 ). Early on in the process (2015), project participants agreed on an explicit, intentional conceptual framework to guide the research process, which was documented in a strategic planning document [22] . Out of this, a certain kind of engaged research praxis was generated, illustrating the shared commitment of both researchers and managers to implement a social-ecological approach to landscape management. Based on this research praxis, research in and about the catchment is now underway. Distinct "Communities of Practice" (CoP) [33] have been established to loosen up the disciplinary boundaries whilst managing the budgets allocated to different research units within the university. The CoP typically consist of a group of more and less experienced researchers working on similar themes, and include natural resource managers as much as possible to link research to on-the-ground actions. The CoP work on themes such as sediment and restoration (e.g., see Bannatyne et al. [34] ), participatory and polycentric governance, livelihoods and ecosystem services, and knowledge management.
A Participatory Monitoring, Evaluation, Reflection and Learning (PMERL) framework and plan was developed in 2017 to support ongoing learning and adaptive project management [32] and PMERL researchers were appointed. In 2016-2017 two stakeholder analyses were undertaken [35, 36] and plans are underway to develop a stakeholder engagement strategy and appoint a catchment coordinator as well as a team of community liaison officers (DEA secured additional funding to support this expansion). These Tsitsa Project participants will be based in the catchment and will enable two-way communication and interactions between the network of researchers and managers on the one hand, with residents and other stakeholders in the catchment on the other hand (refer to the Tsitsa Project Learning Report for details on how the project is governed internally [21] ). Tsitsa Project leaders have recognised the importance of history-in the form of antecedent conditions-in influencing project outcomes and trajectories (See Box 1, and the Tsitsa Project Learning Report for further details on these [21] ).
Box 1.
Where we have come from: reflections on antecedent conditions influencing the trajectory of the Tsitsa Project.
•
Political and high-level administrative will to support and give the Tsitsa Project a fair chance: DEA: NRM has treated the Project from early on as a flagship initiative or "experiment" and given it the requisite partial freedom and space to attempt innovations in research, management, governance and practical interventions.
Widening learning linked to parallel processes: Prior to the Tsitsa Project, and parallel to its development, DEA: NRM have conducted their own science and management planning meetings on a regular basis which have laid a foundation for leading officials transitioning from project managers to social and institutional entrepreneurs who mediate multi-party initiatives.
• Multi-scale and expanding nature of the initiative and its impact: multiple connected scales and levels of operation and governance influence Project activities; the ambitious nature of the scale makes this an imperative but also a challenge.
• Appreciation for systems features such as novelty and serendipity: There is a sense of novelty and serendipity arising from enabling leaders (including many experienced practitioners, scientists, administrators, and now wise community elders) to share ideas and co-construct potential ways forward.
Openness to collective learning: Much of the evolution and progress in the Project is based on learning from inter-personal and especially inter-group interactions and shared experiences, rather than being ideologically rooted in some "external" idea or recipe. This requires pragmatism based on lively ongoing reflection and a commitment to adaptive practice.
Enthusiasm for the complex and daunting task among participants: This upbeat attitude is an essential enabler and incentive for working in such a complex and challenging context.
Methodology
The collective reflection and learning process in early 2018 ( Figure 3 ), which lead to the development of this article, is described next. It too, has been a significant moment in the story of the Tsitsa Project as it was considered a significant step in beginning to implement the PMERL plan for the project ( Figure 3 ). It was conceptualised as a collective process for researchers and managers to "pause and reflect" on what we are learning about and through our praxis. The methodological approach was informed by this commitment to collective reflexivity [15, 37] . The data analysis process was conducted in a systematic, structured way, involving the broader Tsitsa Project team an on-going, iterative manner.
Critical Realism as an Underpinning Philosophy
For the research process reported here we draw on critical realism as a "philosophical underlabourer" [38] that is, an enabling philosophy which underpins the research. As Mingers [39] pointed out, a critical realist philosophy aligns well with a complex systems worldview [39] , and thus with the CSES framing of the Tsitsa Project. Many key ideas in critical realism and complexity theory are consistent [39, 40] . This includes the acceptance of an intransient dimension to our reality and a view of that reality as a multi-layered, open system, subject to emergence based on deeper underlying mechanisms, and the observer (researcher) being part of the system. Secondly, the concepts of emergence, hierarchies, and boundaries (framing) are important in both critical realism and complex systems thinking [40] . In both views, human understanding of reality is recognized as partial and fallible, requiring researchers and program managers to be reflexive, humble and learn in an on-going manner from observations and experience [8, 41] . This is thus an enabling philosophy which supports our commitment to a collective, reflexive approach to the Tsitsa project and this article.
Elucidating Principles to Guide Reflection and Analysis
As a starting point for the reflection and learning process, we elucidated a set of five guiding principles for the Tsitsa Project (see first section of the results). This was done by a small group of us coordinating the reflection process. We drew on project documentation (primarily on the Project's "Research Investment Strategy" by Fabricius et al. [22] ) and on our own knowledge of the Tsitsa Project to elicit the five principles (through deliberations between JC, HB and another senior project researcher). These were then used as probes in the reflection sessions as a mirror to enable the emergence of learning and to guide the analysis of the findings.
Research Design and Methods
We generated data about the lessons learnt in the Tsitsa Project from two sources: project documentation and collective reflection sessions. Project documents included strategic planning documents, newsletters and internal reports. We facilitated reflective discussions with participants in the Tsitsa Project to "pause and reflect." We selected participants for the discussions based on the length and intensity of their involvement in the Tsitsa Project. A list of 25 potentially suitable participants was drawn up and 22 of these participated in the reflections (three group reflection sessions, nine individual reflection sessions). Where possible, the reflective discussions were conducted collectively as focus group discussions to maximise opportunities for shared reflection and collective learning. Where participants were unable to join a collective reflection session, individual reflective interviews were held. We captured observation notes directly after reflection sessions and audio-recorded the discussions as a back-up and to allow partial transcription of relevant sections. Research ethics clearance was obtained from the Rhodes University Education Faculty Ethics Committee (Code: ED18030202).
We analysed data in an integrated manner across data sources [42] , conducting manual coding and using NVivo software as a supporting tool for data management and analysis [43] . We coded the notes from reflection sessions, along with project documents, in two coding cycles [44] . In Coding Cycle 1, we open-coded the data to identify themes according to two questions: 1. What lessons have been learnt in the Tsitsa Project? ("general lessons learnt"). 2. What lessons have been learnt about implementing Principle X in the Tsitsa Project? (Where "X" stands for each of the five principles, see Figure 4 ). In Coding Cycle 1 we followed an inductive approach, whereby we moved from a number of particular instances of a lesson learnt (e.g., as identified in a specific project document or mentioned by participants) to induce a conclusion about a general lesson being learnt across the initiative as a whole. In this way, we moved from a larger number of coding themes to a smaller number of over-arching lessons learnt. Drawing on narrative research approaches, we developed common narrative threads [45] in order to re-create common verbatim statements from participants which convey the essence of key lessons identified during Coding Cycle 1 in a more personal way. We use these below to enrich presentation of the findings.
In Coding Cycle 2 we shifted to a more analytical mode, moving beyond the initial themes of lessons learnt [46] . Here we worked with the thematic codes identified in Cycle 1 by applying two strategies. Firstly, we applied the "describe-compare-relate" scheme [46] to work in an integrative way with the themes to develop rich descriptions of themes, identify relationships between the themes, and to compare them to one another. Secondly, we asked "realist questions" of the data to begin to identify explanatory mechanisms which may not be obvious in the empirical data. Realist questions are based on a mode of inference called abduction [39, 47] . Abduction moves from a particular occurrence or observation (in our case the thematic "lessons learnt" identified in Coding Cycle 1) through an imaginative or creative leap by researchers, to think of an explanation which might account for that observation [39] . This process allowed us to probe more deeply into the underlying causal mechanisms of the observable lessons learnt about the Tsitsa Project.
A further step in this process was to present and share the collective reflections and preliminary findings within the Tsitsa Project team. We did this at team meetings, and we circulated the Tsitsa Project Learning Report (a more detailed version of this article) to project participants to catalyse discussion about lessons learnt and how these might inform praxis through future planning and project activities [21] .
Findings
In this section, we present the findings of our reflexive learning process. We begin by outlining the principles which we developed to guide the process. Whilst these were implicit in the guiding approach of the Tsitsa Project from the early stages [22] they were only made explicit during this reflection process, and hence form part of our findings. After that, we report on lessons learnt through the process of reflecting on the principles in praxis, presenting the data that emerged from our "pause and reflect" process. We then shift into a more analytical process of sense-making, drawing out three foundational findings which helped us to make meaning out of this reflection data and capture our learning in an integrated way. We expand our discussion of these three insights alongside existing theory in the following section (Section 5), where we present an explanatory metaphor to deepen our understanding of engaged research praxis in CSES.
Findings Regarding the Guiding Principles of the Tsitsa Project
We developed a set of five inter-connected principles to guide our praxis for integrated sustainability research, management, and governance in a complex social-ecological system ( Figure 4 ) [48] . 4 These principles are considered key in supporting our work towards the Tsitsa Project Vision (central blue oval, Figure 4 ) as they are the "theory" guiding our intentional praxis. In the course of the "pause and reflect" process described here, we realised that these principles operate in a layered fashion, which helped us to understand how they interrelate and are mutually supportive, how they inform praxis, and how they interrelate with practice ( Figure 4 ). The first layer of principles is about framing: how we bound, understand, think about, act in and communicate about the system [40, 49] (Layer 1-orange ring). The second layer of principles relates to what we are doing (Layer 2-green ring): the Tsitsa Project is primarily concerned with conducting applied action-orientated research and supporting the development of effective governance for sustainable management of the Tsitsa River Catchment. The third layer is about how we do what we do and captures the Tsitsa project's commitment to learning and stakeholder engagement ( [16] (Layer 3-yellow ring)). We describe each of the principles in turn below, drawing on relevant literature to argue for their relevance.
Principle 1: Embed complex social-ecological systems and resilience thinking in praxis Drawing on the literature and own experience [49] , Tsitsa Project designers [22] identified CSES and resilience thinking as two key concepts for framing the project. The CSES perspective provides a shared mental model that encourages an integrated understanding of humans-in-nature [50] , in which human systems are not only dependent on but embedded in the biosphere [51] . This perspective features in the Tsitsa Project's intent to develop both biophysical and social development indicators, and to track them in integrated action initiatives focussed, for example, on livelihoods. Praxis in this context requires specific governance and management processes, to enhance the resilience of ecosystem services for human well-being [52] -which leads to the next principle.
Principle 2: Encourage polycentric and participatory governance approaches
The Tsitsa Project designers argued that collaborative, multi-scale, polycentric governance approaches are needed to manage complex, place-based social-ecological systems such as landscapes [53] , and these need to be underpinned by a social learning approach. This is supported by the literature [54, 55] and by Tsitsa Project designers' own research [8, 56] . Polycentric governance systems that match the scale of the resource system and are characterised by multiple, nested authorities 4 Upon further reflection after completion of our data collection and analysis, the Tsitsa Project team decided to adjust these principles for publication in its updated Research Investment Strategy (RIS Version 2), which is still in preparation. The main difference between the five principles presented here and those in the RIS Version 2 is the addition of a principle labelled "Scientific-technical foundation and evidence base," which foregrounds the role of scientific knowledge in supporting management and governance of the catchment [48] .
governing at different scales should be promoted to support resilient CSES [52, 55] . These should be designed to enable and promote cross-scale collaborative governance and co-constructed action [56, 57] . Yet these kinds of collaborative platforms face significant organisational and financial difficulties [58] , and much can still be learnt about how to design, implement and facilitate these complex processes. We use "polycentric" to emphasise inter-governance connectivity across scales and "participatory" to denote the development of agency and voice among catchment residents like female farmers and villagers, who are the most marginalised stakeholders. An intention to introduce capacity development programmes with a focus on polycentric governance in the catchment, illustrates the application of this principle.
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There is widespread support for transdisciplinary (TD) research in response to the complex social-ecological issues facing society [8, [59] [60] [61] . Transdisciplinary research can help to bridge the research-practice gap in natural resource management [62] , and is advocated as a means of improving working relationships between researchers and other relevant stakeholders for sustainable catchment management [63] . The CSES and multistakeholder nature of the Tsitsa Project-and its multifaceted vision-require transdisciplinary research. Engagement with relevant stakeholders is a key feature of TD research, emphasising the co-construction of research questions, data collection (e.g., participatory monitoring of biophysical and social indicators) and sense-making [64] . Therefore, in the Tsitsa project TD research is more than multiple disciplines contributing to the knowledge base; Principle 3: Generate transdisciplinary, action-oriented and engaged research There is widespread support for transdisciplinary (TD) research in response to the complex social-ecological issues facing society [8, [59] [60] [61] . Transdisciplinary research can help to bridge the research-practice gap in natural resource management [62] , and is advocated as a means of improving working relationships between researchers and other relevant stakeholders for sustainable catchment management [63] . The CSES and multistakeholder nature of the Tsitsa Project-and its multifaceted vision-require transdisciplinary research. Engagement with relevant stakeholders is a key feature of TD research, emphasising the co-construction of research questions, data collection (e.g., participatory monitoring of biophysical and social indicators) and sense-making [64] . Therefore, in the Tsitsa project TD research is more than multiple disciplines contributing to the knowledge base; non-scientific stakeholders are also engaged in the co-production of knowledge, with the aim to integrate knowledge into a whole bigger than the sum of individual parts.
Principle 4: Work in collaborative, reflexive, adaptive and learning-oriented ways Dynamic, messy and difficult to navigate, CSES require researchers and managers to proceed through adaptive approaches that recognize and work with the complexity [57, 65] and seek out collaboration and learning. Collaboration in management and governance is necessary because of the difficulty of problems, the wide range of stakeholders, the large landscape-scale of initiatives, and the collective sense-making and responses required [53, 58, 66] . Similar to the principle of polycentric governance, the new ties sought in such complex institutional settings are considered necessary to counter the fractured or "siloed" nature of many institutions [55] . Social learning is fundamental to guide and articulate, in iterative, reflexive cycles, CSES management and governance, enabling co-developed and systemic understanding and responses to uncertainty and non-linearity [10, 54] . While systems and learning-based approaches are encouraged, researchers caution against simplistic understandings of how social learning processes unfold and how they can best be facilitated or supported [17] .
Principle 5: Create enabling conditions for equitable participation by multiple stakeholders with a particular commitment to meaningful engagement with local communities Putting a CSES framing into practice for the management and governance of natural resources requires on-going interactions among the multiple, diverse stakeholders in the system. This enables legitimacy, monitoring and compliance, a deeper understanding of system dynamics, and the capacity of managers to detect and interpret shocks and disturbances within the CSES [52, 67] . However, the intensity of stakeholder participation in transdisciplinary research varies, and it is often not more than superficial engagement [67, 68] . Politics and power are important mediating factors in how participative processes play out [69] . In order to overcome entrenched social injustice (often due to historical and geographical circumstances, such as the "black homeland" legacy which still shapes access to land, water and other resources in South Africa [30] ), transdisciplinary research should pay attention to outcome and process, take ethical and political considerations into account, and be open to marginalised, diverse, and possibly conflicting viewpoints [8, 61, 70] .
Lessons Learnt about Principles through Praxis
Reflecting on the above principles with project participants led to the identification of a range of insights into research praxis in CSES (Table 1) . Table 1 summarises participants' perceptions of working with the principles and key "lessons learnt" about each principle. A key insight emerged about the concurrency of the five principles [21] . Participants noted that it is unusual to bring a bundle of principles together in this way but also that they profoundly work together (as illustrated in Figure 4 and the descriptions above) and produce synergy. There was also a shared agreement among participants that an ambitious initiative seeking to bring about change at a large and deep scale, requires such a set of guiding principles.
A related observation from the reflection sessions was that there was considerable enthusiasm towards the complex and daunting task, albeit with some qualifiers and concerns about constraints This enthusiasm appears to be an important value-based incentive for participants to work beyond their usual incentive structures. These two narrative threads capture this enthusiastic attitude among some participants and illustrates the values-orientation which motivates many participants: "This is an ambitious and ground-breaking project and I am excited about participating as it appeals to my personal commitment to doing meaningful work that can bring about change." "There is willingness in NLEIP and we are trying to implement the work according to the principles but it is difficult and, in many cases, constrained by external barriers." Table 1 . Lessons learnt about putting the Tsitsa Project principles into practice.
Tsitsa Project Guiding Principles Project Participants' Perceptions of the Principle in Praxis 1

Key Lessons Learnt about the Principle
Principle 1: Embed complex social-ecological systems and resilience thinking in praxis This is the principle which most participants seem to understand, identify with, and actively try to practice in their work. It sets the scene for the other principles.
• Using a CSES framing has created an enabling research environment. However, seeing this principle through in governance, management and community and stakeholder engagement has been more of a challenge.
•
The term 'social-ecological systems' was mentioned more frequently by participants than the term resilience, potentially indicating challenges in operationalising resilience thinking in practice.
The CSES framing creates an imperative for the other principles that is, there is concurrency among the principles.
Principle 2: Encourage polycentric and participatory governance approaches Some participants were unfamiliar with this concept. The leaders of the initiative, however, are passionate about it and believe it to be the biggest challenge but also potentially the biggest contribution of the Tsitsa Project.
• Current structures and processes of governance (in government and in academia) inhibit or constrain realization of polycentric governance in practice.
In order for the other principles to be realized in practice, polycentric governance must be in place.
• Participatory governance is necessary to address power imbalances and to promote equity.
Principle 3: Generate transdisciplinary, action-oriented and engaged research
Transdisciplinary research among scientists is considered to be on track, even if not yet entirely successful. However, the move from inter-to transdisciplinarity, and engaged and action-oriented aspects need further attention.
• Practice of TD is in the early exploratory stages-we are advocating for it but need to do more to practice it fully.
This principle is about building two types of bridges: bridges between researchers from different disciplines (science-science or interdisciplinarity); and bridges between researchers from multiple disciplines and societal actors (science-society or transdisciplinarity).
The Tsitsa Project is doing well building the first type of bridge but building of the second type of bridge (improving the links between science and society) is more challenging. • Multiple factors constrain the Tsitsa Project's efforts to act according to this principle. These include, bureaucracy and funding structure and demands; not enough of the right people with the right capacity and skills; the very large scale of the initiative; politics, and systemic barriers in the broader governance system. • Without significant financial and capacity investments in community and stakeholder engagement, this principle will not be realized in practice.
Additionally, many participants commented on the value of the formalised and interactive reflection sessions facilitated for the purpose of this "pause and reflect" moment, and it was suggested that we conduct these at least on an annual basis. This further illustrates the commitment among participants to the principles (in particular for Principle 4), despite the fact that participating in the reflection session places additional demands on their time. We now go on to discuss key insights gained through our reflection sessions for each principle, drawing on some of the data in Table 1 and illustrating the insights with narrative threads. 5 The lessons learnt about Principle 1 indicate that Tsitsa Project participants have adopted this framing and are committed to working according to CSES and resilience thinking, despite the challenges. The way in which participants spoke about this principle indicated an understanding that it is the overall framing principle but that all the principles are necessary and interconnected, and work with one another in a synergistic way. One of the main concerns which people shared was that working according to Principle 1, and therefore also the other principles, is time and resource intensive: "It takes time . . . and money . . . and the right people . . . to work according to CSES principles . . . to build trust . . . to build relationships . . . to work reflexively and adaptively . . . to build polycentric governance . . . to put all these principles into practice." Principle 2 was one which some participants felt unsure about. It seems not to have been discussed as much as Principle 1 in project meetings, and people were not always clear on its meaning and relevance. However, most senior leaders in the initiative shared an enthusiasm about the importance of this principle, as shown in this narrative thread:
"The focus on polycentric governance is probably the most important work. It is the most challenging but it has the potential to bring about the most significant and sustainable change in the catchment."
Most participants agreed that Principle 3, related to transdisciplinarity, was one of the more successful in implementation. However, it was clear in these reflections that participants thought that implementing transdisciplinarity was primarily the task of researchers rather than managers, and that researchers were making good progress in working across disciplines even if this is challenging. Bringing the voice of managers and catchment residents into TD research (i.e., meaningful stakeholder engagement and knowledge co-production), and moving towards actionable work on the ground, was however experienced as more of a challenge, particularly because of the dominant role of science in driving the initiative, as reflected in this narrative thread: "There has recently been a shift in the Tsitsa Project: the dominance of "science" has somewhat decreased. For a long time, the science voices were loudest in the room but now there is a stronger sense of purpose and understanding of what we are doing, there is better cross-pollination and integration (e.g., among CoP and also between scientists and managers) and there is a clearer focus on tangible local actions."
Most participants reflected that Principle 5, focussing on learning, working reflexively and collaboratively, is happening in the Tsitsa Project, even though it is currently mostly among scientists. Collaboration is slowly beginning to happen between scientists and managers but there is still very limited interaction between scientists/managers and catchment residents. This narrative thread suggests that channels of communication are important for enabling Principle 4, and that they have not always been clear in the Tsitsa Project: 5 Narrative threads are composite quotes used to illustrate general discourse and themes among participants by combing a number of verbatim quotes into one statement.
"The links between research and management have been unclear and confusing, and the lines of command/responsibility/communication between researchers and managers/implementers has not always been clear, though this is getting better."
Most participants consistently felt that Principle 5, loosely summarised as community engagement, was the hardest to put into practice. Many participants expressed a strong commitment to engaging meaningfully with catchment residents and a more diverse suite of stakeholders, yet they felt there were multiple external barriers constraining this, as these narrative threads illustrate:
"Community engagement and facilitation are a priority and concern. Some effort is being made in this regard but it seems that the current effort is insufficient or is not working." "Sufficient budget must be put aside to have a community engagement team in the catchment to build trust and long-term relationships with local communities. The social side of things cannot be an afterthought."
From Reflection Data to Meaning-Making and Learning
The above findings-based on empirical reflection data-give useful insights into the extent to which principles are being put into practice by Tsitsa Project participants and the challenges and partial successes experienced in the process. To these reflections we as authors added a further step to interpret these reported "lessons learnt" in the broader context of the initiative. We synthesised three foundational findings which helped us to make meaning from this reflection data and capture a meta-level of learning. We discuss them below, with examples of how we may be able to strengthen these principles in the Tsitsa Project praxis.
Social-Ecological Systems and Resilience Thinking, and Recognition of Guiding Principles, Have Created an Enabling Framing
Using the integrated CSES framework and Tsitsa Project principles to recruit researchers and plan and guide research praxis has enabled the development of collaborative working relationships among an interdisciplinary team of scientists. The ambitious and novel approach taken in the initiative has attracted soil scientists, water resource scientists, educators, ecologists and agricultural researchers to work out together how the natural resources of the Tsitsa landscape could be monitored, managed and governed. The approach inspires people and generates a sense of hope for change. While one could somewhat cynically say that a CSES approach is currently popular with funders and that funding also attracts researchers, there is evidence that both funders (in this case the national government entity, DEA:NRM) and researchers are enthused by the possibilities of overcoming reductionist, linear or non-systems thinking in research and development initiatives [7, 21, 56] (Also see Box 1) .
But how easy is it for the Tsitsa Project implementers to apply CSES and resilience thinking? Thus far, discipline or field-based teams of younger and more experienced scientists (CoP) have acknowledged the need for both social and biophysical research and interventions but have only just begun to co-construct these with each other. The Project design features a central core of PMERL in which catchment residents and researchers alike are collecting social and biophysical monitoring data [34] ; while some also undertake more in-depth case studies in areas like livelihoods or governance [32] . While this design feature is in the early stages of implementation, the intention is to integrate across the data to identify trends and patterns including possible linkages, in quarterly gatherings of the multi-disciplinary CoP. This is an opportunity for synthesis across the sciences, to shift from a multi-disciplinary to a transdisciplinary approach and use the CSES framing to come up with new insights for the intractable problems of the catchment.
Participants in the Tsitsa Project reflected that it seems harder for the natural resource managers in the catchment to apply CSES thinking, given the siloed nature of the different government departments and that the "Working For" programmes report separately on their performance [21] . Involving them in the PMERL data gathering and sense-making process and quarterly "pause and reflect" meetings, will be an opportunity to make their siloes a bit more permeable, even if just temporarily, to inform shared insights and possibly co-constructions of the way forward [71] .
Participants also noted that some of the residents of the catchment may already be practising some form of CSES and resilience thinking (though not using this language), given that they are surviving under difficult circumstances. It would be important to be open to this possibility as we start engaging catchment residents more proactively in the next phase of the Tsitsa Project: what can we learn from those residents who already apply CSES and resilience thinking? What role can local and indigenous knowledge play in informing sustainable landscape and livelihood management?
Building Novel Linkages among Diverse Actors in the CSES is a Challenge
Building new working relationships across deep-seated socio-cultural-political divides and in a complex political landscape is challenging. Applying the Tsitsa Project principles in praxis, requires enabling opportunities for exchange, and a deeper awareness of power differentials among the actors involved. Overcoming the tension between theory and practice, research and action, and science and management is particularly challenging in a science-led process. It requires productive engagements between actors operating in different knowledge systems, with different socio-cultural, political and economic histories and with conflicting incentives and success measures in these different systems [72] . For example, for scientists in academia success may be measured by publication outputs, while natural resource managers in government measure success by budget spend or number of structures built to control soil erosion.
What would enable more learning-full engagements between scientists and managers? We found evidence of three strategies or emergent practices that have shown some success thus far: Firstly, meeting in neutral venues helped to loosen boundaries between scientists and managers, with the latter more likely to participate on equal footing with the gathered scientists in the relatively informal setting of a village inn, than at the university. Roux et al. [18] describe these as generative "third spaces" and note that more is needed than a physical space. At the more recent science-management meetings a shift was observed in how questions are asked of each other during presentation sessions, which was perhaps evidence of a move towards greater collaboration and learning. Participants seemed to genuinely seek to understand the other party better, rather than to "prove wrong" (a default mode for many, based on a particular logic and knowledge system).
A second practice to encourage is the inclusion, in meetings, committees and forums, of those with divergent understandings and viewpoints. Whereas it is much easier to only choose like-minded scientists or managers for collaborative networks, proponents of social learning [73] note the importance of a certain level of disruption of existing maxims for transformative learning to occur. During a recent field trip to the catchment stimulating conversations were triggered by dissenting viewpoints among senior members of the "Strategic Advisory Panel," showing the potential of diverging understandings.
Thirdly, beyond talking, a productive approach seems to be to collaborate on a practical and necessary task in which both groups have an interest. One example here is the co-development of annual management plans that include the identification of the "Working For" rehabilitation sites (by the Sediment and Restoration Community of Practice), another is the development of sustainable livelihood activities such as rainwater harvesting or nurseries for growing plants used in restoration activities (by the Livelihoods & Ecosystem Services Community of Practice). A third example was the co-development by residents and researchers of draft objectives on which to base a local Tsitsa Catchment Management Strategy (by the Governance CoP). Through these tangible, goal-oriented activities, participants are getting an opportunity to work across conventional boundaries (science-management, or natural science-social science) towards a particular product or outcome, building new inter-personal relationships. Thus, through purposeful collective action, collaborative capacity can be built [74] .
Existing Institutional Structures, Cultures and Ways of Working Impose Significant Constraints
Enhancing existing enabling conditions that intersect (serendipity) whilst working to create new ones (novelty) are important leverage points in this kind of change-oriented initiative in a CSES (See also Box 1). For example, existing working relationships between senior university researchers and DEA officials enabled some cohesion between academia and management early on. However, there are also significant structural and systemic barriers which act as disabling conditions, particularly for adaptive and collaborative ways of working (Principle 4), and for meaningful community participation (Principle 5). These enabling and constraining factors are particularly challenging to identify and to work with due to the large scale, complexity, and ambitious vision of the initiative. For example, natural resource managers work in a strictly bureaucratic system of reporting on measurable outputs, which reduces their time and motivation to communicate with scientists, to build relationships with local people, or to work responsively on local livelihood-related activities.
The importance of leaders working to create enabling conditions or "room to play" should not be underestimated (Box 1). This is particularly important considering existing bureaucratic and political constraints in a government-funded initiative. This signals political will and support for the initiative, which inspires participation. However, several participants reflected that as an ambitious and complex endeavour intended to have impact at such a large scale, it needs to be resourced accordingly. These resources are not only budgets but also time, and a suitable mix of open-minded people willing to do things differently. With budgets, it is not only large amounts of money that are important but also the flexibility to be able to respond nimbly to emergence, whether in the form of new opportunities or new insights. Van Breda and Swilling [65] make a somewhat similar point, about the need to find resources that give research and development teams the flexibility to respond to emergence as they work in complex systems.
Discussion: An Explanatory Metaphor of Wider Relevance-Navigating a Bumpy Terrain of Dialectic Tensions
Thus far we have shared the reflections by Tsitsa Project participants on the extent to which they are able to apply a set of principles for engaged praxis in complex social-ecological systems, and our analysis of associated learnings. We have noted that the process is challenging and successes only partial. Nonetheless we found some evidence of movement in the right direction (see examples in Section 4.3) and we have shared these as recommendations for going forward in the Tsitsa Project. These include an integrative PMERL framework that includes natural resource managers and catchment residents, that also draws on local resilience-related knowledge; routine use of "third spaces" for engagements among diverse stakeholders; some requisite diversity and comfort with dissent in constituting project groups; and undertaking practical shared tasks. We believe that these recommendations may also apply to other programme contexts, beyond the Tsitsa catchment, taking similar approaches.
We consider our insights and lessons to be applicable wherever scientists, managers and local communities come together to collaborate across traditional boundaries for the first time [19] , to manage multifaceted ecosystems. Moreover, we consider our lessons to be particularly relevant for initiatives working in complex social-ecological systems with high heterogeneity, including differences in cultures, knowledge, power and wealth, along with contestation around resources and insecure governance. Under these conditions, collaborative praxis among different stakeholders is particularly challenging, and this kind of context is usually more common in the Global South than in the Global North [75] . However, according to our philosophical framing of complex adaptive social-ecological systems, we caution against generalisability in terms of frameworks, rules or blueprints. Rather, we suggest our findings as "principles of practice" [8] , and encourage others to test these out in their contexts as part of reflexive learning processes. In this final section of the article we take a third analytical step to find even more general insights that are likely to apply across landscape management initiatives being implemented in other socio-cultural and geographic contexts. To do this we use the Critical Realist framing as an analytical tool.
The diagram in Figure 5 shows the diverse stakeholder groups (operating from different domains of practice) and knowledge forms that the Tsitsa Project's guiding principles suggest should be brought together. Our findings show that this is generally not yet happening, and the following tensions are evident: Natural Science wants to but struggles to, engage Social Science and vice versa; they are not sure they trust and fully value each other's particular contribution to knowledge and lack the concepts to engage across the disciplines. Science wants to but struggles to, engage Management and Government, and the groups may find that they do not understand or appreciate each other's practical realities and incentive systems. Science wants to but falls short of, engaging rural Communities; once research is set up, funded and underway, little time remains for the "whole new ball game" of engaging catchment residents in need of more development and livelihood options. Scientists find indigenous and local knowledge very interesting but are not sure of its place in the scientific-academic endeavour. Rural communities feel disconnected from both universities and government which they see as resource rich and often uncaring entities; in the Tsitsa, the traditional leaders have been asking scientists to mediate on their behalf with government around the proposed dam, for example. Academic theories about participatory and polycentric governance clash with existing hierarchical, technocratic and bureaucratic governance structures which favour those currently in power and tend to disregard local knowledge and interests. in the scientific-academic endeavour. Rural communities feel disconnected from both universities and government which they see as resource rich and often uncaring entities; in the Tsitsa, the traditional leaders have been asking scientists to mediate on their behalf with government around the proposed dam, for example. Academic theories about participatory and polycentric governance clash with existing hierarchical, technocratic and bureaucratic governance structures which favour those currently in power and tend to disregard local knowledge and interests. Clearly, it is difficult to engage each other across disciplinary and cultural-historical divides. Can we conceptualise the situation in such a way that we can move forward in implementing good intentions-project principles-more successfully?
We drew the diagram in Figure 5 to explain our findings, then noted that it represented a series of dialectics, that is, "opposites" that are held in tension in that one is the absence of the other. A picture emerged of the Tsitsa Project as an attempt to implement principles for working in complex social-ecological systems, represented by a bumpy terrain of different intersecting domains of practice, that are not easy to reconcile. The domains in which scientists, managers and catchment residents operate, have "differing logics, time dimensions, communication styles, rigor and relevance, and interests and incentives" [72] (p. 1181); and, we would argue, different histories and levels of status or power (the ovals on the left are drawn as larger than those on the right, illustrating Clearly, it is difficult to engage each other across disciplinary and cultural-historical divides. Can we conceptualise the situation in such a way that we can move forward in implementing good intentions-project principles-more successfully?
We drew the diagram in Figure 5 to explain our findings, then noted that it represented a series of dialectics, that is, "opposites" that are held in tension in that one is the absence of the other. A picture emerged of the Tsitsa Project as an attempt to implement principles for working in complex social-ecological systems, represented by a bumpy terrain of different intersecting domains of practice, that are not easy to reconcile. The domains in which scientists, managers and catchment residents operate, have "differing logics, time dimensions, communication styles, rigor and relevance, and interests and incentives" [72] (p. 1181); and, we would argue, different histories and levels of status or power (the ovals on the left are drawn as larger than those on the right, illustrating these as currently the more powerful domains of practice). They also favour different knowledge systems [76] . Therefore, this terrain of intersecting domains is uneven, not a "level playing field."
If this is a situation that many initiatives aiming to implement CSES and resilience principles find themselves in, what can be done to advance the field? We propose in this concluding section the explanatory metaphor of a bumpy terrain of dialectic tensions, and in particular, multiple interacting dialectic tensions, as a conceptual tool that can inform practical programme design and management decisions.
The concept of a dialectic has long been influential in the work of philosophers like Hegel and Marx (discussed by Bhaskar [38] ) in relation to learning and deep-seated, "revolutionary" change, and more recently, for understanding the ways in which institutions operate in society [77] . Bhaskar, the theorist most closely associated with critical realism, described dialectics as "the pulse of freedom" [78] ; they are transformative because they enable social actors to recognize "absences" (such as a lack of justice, equality, development options or resource conservation) and then moving to "absent the absences" [78, 79] . The notion of a dialectic means that the tension is never resolved but the movement between them, with the critical consciousness of what the one has that the other lacks, is "the pulse" that helps actors to address a particular issue. Similarly, in organizational studies, Seo and Creed [20] argued that a dialectic perspective of institutional change reveals that institutional tensions and contradictions (as illustrated in Figure 5 for the Tsitsa Project) can be sources of change, and are an opportunity for actors to exercise agency.
The Tsitsa programme theory is that by bringing diverse actors and understandings together, better ways to achieve social-ecological sustainability in the landscape can be found (Figure 4) . The notion of a dialectic helps us understand that science does not have to collapse into or be replaced by local knowledge, just as the natural sciences need not collapse into social sciences; and there need not be a wholesale rejection of either indigenous or scientific knowledge, as one seeks to address the limitations of one by engaging the other through a generative tension or dialectic ( Figure 5 ).
When one realizes that a complete merger of opposites is not required, the task becomes more realistic. The pulse in the dialectic, the constant movement between the opposites, is perhaps a more manageable task. But, it is more than token engagement, as the concept of "absenting absences" implies. It is a task accomplished through deep engagement and learning, which in turn may necessitate a carefully bounded choice of context, at least to start with, working with smaller but representative slices of the complexity of the CSES. In the Tsitsa Project, the aim will be to monitor change across the entire catchment but to work in generative, learning-oriented and transdisciplinary ways in particular social-ecological locations.
The explanatory metaphor of the "bumpy terrain of multiple, interconnected dialectic tensions" ( Figure 5 ) helps to shed light on the findings we presented above (Section 4.3), revealing two additional insights for praxis in CSES, and leading us to suggest further practical recommendations for the Tsitsa Project and others working in similarly complex contexts (Box 2).
Firstly, the explanatory metaphor ( Figure 5 ) illuminates an expanding role for scientists and managers. A science-led intervention seeking societal change requires an expansion in the role and competencies of scientists, a point also made by Wittmayer & Schapke [80] , Cockburn [81] , and Rosenberg et al. [82] , in relation to sustainability practitioners more broadly. It might be useful for Tsitsa Project participants-and others working in similar CSES programmes-to explicitly re-imagine themselves as transformative change agents in the process, recognising the importance of not only technical but also of relational and transformational competencies [82] . In a context where external constraints are perceived by many as a perhaps insurmountable barrier, a reminder that participants potentially have transformative agency [20, 83] , could help to inspire people engaged in this deeply challenging work (See Box 2 for practical recommendations).
One such role scientists and managers play is that of mediator across boundaries of expertise [19] . The aim would not be to mediate "the Other" into the sciences, or management, development, politics or indigenous knowledge (for example) but to establish a move and exchange between knowledge forms, which could be seen as critical dialectics [38] to help participants understand that the knowledge required may sit within the system as a whole, and emerges out of relational processes [18, 19] .
Secondly, transformative social learning processes seem critical. By this we mean learning which is transformative in nature that is, learning not as acquisition, or even as participation or induction into existing communities of practice [19, 84] but a shared seeking of new knowledge geared towards the collective transformation of existing practices and frames [15, 85] . In many cases in CSES the knowledge needed may not (yet) be in the system, which is why we need social learning of the transformative kind [16, 17, 84] , and transdisciplinary and collaborative research practices which are alert and open to the emergence of new knowledge and practices [65] (See Box 2 for practical recommendations). To support the expanding role of scientists and managers:
1.
Develop context-specific communication, advocacy, community engagement and knowledge management strategies: this may be outside the comfort zone or expertise of participants (e.g., scientists and managers with training in natural resource management), however projects should partner with others to get new expertise into the team. This may require re-allocation of funding away from research, or alternative sources of funding, for example, the Tsitsa Project is investigating partnering with NGOs with expertise in rural development and agricultural extension; funding has been allocated for development of communication, community engagement and knowledge management strategies; plans are underway to appoint a local catchment co-ordinator and team of liaison officers to improve communication and engagement in the catchment and to better embed the initiative in the catchment.
2.
Investigate potential adjustments to incentive structures both for managers and scientists: for example, for scientists: university awards and promotion criteria which incentivise community-engaged and change-oriented research (this is already becoming more prevalent at Rhodes University); for managers: develop 'Key Performance Indicators' which recognise managers spending time in engaged, collaborative processes, not only those which count 'hard' outcomes such as number of hectares of invasive plants cleared, number of jobs created and so forth. The Tsitsa Project still needs to reflect further on the role of incentives in supporting the potentially transformative work of the project, especially since we envisage expanding roles for participants.
To support development of transformative social learning processes:
3.
Carefully design for and support reflexive praxis: make time and space for reflection and embed Participatory Monitoring Evaluation Reflection and Learning (PMERL) throughout the activities of the project by aligning reflection with other activities and appointing staff to manage and implement PMERL for example, the Tsitsa Project has recently appointed a PMERL co-ordinator; informal and fun reflection sessions take place after meetings over a cup of coffee or a drink before everyone heads home; participants are encouraged to reflect together while travelling to and from the catchment.
4.
Pay attention to the development of new inter-personal relationships beyond formal work activities to enable boundary-spanning and learning: relationships of trust often deepen, enabling deeper reflection and learning, when participants interact 'after hours' or in a less formal setting other than a meeting. Therefore, we suggest structured activities for people to work together on something non-trivial but also not too daunting, for example, in the Tsitsa Project we plan to conduct collective in-field restoration or monitoring activities; and host social activities like 'braais' (barbeques) where scientists, managers and catchment residents can get to know each other and explore their shared values.
Conclusions
There is an ongoing need for reflective praxis, something not normally well supported by the traditional view of natural resource management and development projects unfolding in a neat linear fashion: starting with research, followed by "technology transfer" and "capacity building" [86] .
Conventionally, these types of processes are seen to unfold without (or with very limited) social learning, reflexivity and praxis. This is however not consistent with the dynamic natures of CSES [59] . Here, the challenge is to recognise the ongoing change, uncertainty, emergence and surprise which characterise CSES and to find ways to permanently couple research praxiologically with governance and management processes. If the evolving patterns and principles induced in the SES can turn out to be self-maintaining or self-replicating, then some measure of more genuine sustainability might be achieved.
In this article, we have shared the challenges of one attempt at intervening in CSES, applying associated principles of praxis. In recognition that these challenges may be widely-experienced, we have reflected here on emerging insights and made small practical recommendations towards a stronger application of the principles of CSES thinking; transdisciplinary praxis; participatory governance; social learning and community engagement.
Based on the shared reflections of the Tsitsa Project participants that resulted in this article, a consciously designed reflexive process holds much potential. This process was well-received and has advanced our understanding of working in CSES. We offer our "pause and reflect" approach as a possible methodology for supporting reflexive research praxis in CSES, to be tried out, revised, and embedded in ongoing adaptation as we navigate the challenges of working in large CSES.
A deeper analysis of our findings, through a critical realist analytical lens, suggested a metaphor which helps to explain the challenges of working in CSES, and gives guidance on how to navigate them. If initiatives such as the Tsitsa Project are navigating a bumpy terrain of dialectic tensions, then the multiple, interacting tensions between distinct domains of knowledge and practice such as "natural science-social science," "scientific management-community participation" or "science-management" can be viewed as generative rather than undesirable, providing we constantly seek to gain what is absent from the current situation. Better understood and critically engaged dialectic tensions can be treated as a source of transformative social learning-an opportunity for novel knowledge and practices to emerge from the tensions in the system. This may imply an expanding role for scientists and managers, as well as catchment residents, re-imagining themselves as mediators of different kinds of expertise and agents of change. To succeed in these re-imagined roles, the work needs to be embedded in a suitably designed, resourced and supported learning process, to allow for on-going adaptation and evolution of the CSES.
